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SHEET FOLDING AND ACCUMULATION SYSTEM 
FOR A BOOKLET MAKER 

Field of the Invention 

[0001] The invention relates to a booklet maker which folds and assembles 
5 sheets into booklets, and more particularly, the invention relates to a sheet folding 
and accumulation system which inverts and stacks folded sheets during assembly 
of the booklet. 

Description of the Related Art 

[0002] Duplex printed sheets are often bound into finished documents, such as 

10 booklets, by a paper-handling accessory. Machines which perform finishing 

operations, such as binding, folding, trimming, saddle stapling, and hole drilling 
can be combined to form a booklet maker. Booklet making systems can operate to 
collect folded sheets on a workpiece by rotating the workpiece to place the two 
portions of the folded sheet on opposite sides of the workpiece. Collected sheets 

15 can then be bound into a booklet. 

[0003] For example, a system for finishing printed sheets into booklets is 
described in U.S. Patent No. 6,099,225 (Allen et al.), hereby incorporated by 
reference in its entirety. The '225 patent discloses an inverted V-shaped 
workpiece for collecting folded booklet sheets. 

20 [0004] A system for making saddle-stitched booklets on a sheet-wise basis is 
disclosed in PCT No. WO 00/18583 (Trovinger et al.), herein incorporated by 
reference in its entirety. In this system, folded booklet sheets are forwarded from 
a folding device to a reciprocating saddle with the use of a secondary drive 
system. The reciprocating saddle is described as permitting a trailing side of a 

25 folded sheet to be transported onto the backside of the saddle. 
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[0005] U.S. Patent Application No. 10/084,459, filed February 28, 2003, 
entitled "SYSTEM FOR HANDLING FOLDED SHEET MATERIAL" 
(Trovinger), hereby incorporated by reference in its entirety, discloses a system 
for moving folded sheets to a collecting device and clamping the folded sheets 
5 against the collecting device. The folded sheets are moved to the collecting device 
in a non-linear path, where each sheet is delivered to the collecting device such 
that a leading side and a trailing side of the sheet are respectively delivered to 
different sides of the collecting device. 

[0006] U.S. Patent Application No. 10/084,460, filed February 28, 2003, 
10 entitled "BOOKLET MAKER" (Trovinger), hereby incorporated by referenced in 
its entirety, discloses a booklet maker including a pivotable collecting device. The 
pivotable collecting device has two supporting sides formed with a saddle shape, 
and a rotatable transferring device including a displaceable clamping component. 
The transferring device delivers a folded sheet material to the collecting device 
15 along a non-linear path, and the collecting device pivots to receive the folded sheet 
material from the transferring device such that different portions of the folded 
sheet material are supported by different sides of the two supporting sides of the 
collecting device. 

[0007] U.S. Patent Application No. 10/084,462, filed February 28, 2003, 
20 entitled "PIVOTABLE COLLECTING DEVICE" (Trovinger), hereby 

incorporated by reference in its entirety, also discloses a pivotable collecting 
device for handling a folded sheet material. 

Summary of the Invention 

[0008] The present invention relates to a sheet folding and accumulation system 
25 and method which inverts folded sheets onto a saddle for binding into a booklet. 
[0009] In accordance with one aspect of the invention, a sheet folding and 
accumulation system which inverts folded sheets to assemble a booklet, includes a 
folding mechanism contigured to form a fold in a sheet, a saddle for collecting 
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folded sheets into a booklet for binding and an inverting mechanism for inverting 
the folded sheet and placing the folded sheet onto the saddle with the peak of the 
fold in the sheet pointing upward. 

[0010] In accordance with another aspect of the invention, a method of folding 
5 and accumulating sheets into a booklet, comprises (a) folding a sheet in preparation 
for assembling the sheet into a booklet, (b) inverting the sheet and placing the 
inverted sheet onto a saddle with a peak of a fold in the sheet pointing upward, (c) 
repeating steps (a) and (b) with a plurality of sheets to form a stack of folded 
sheets on the saddle, and (d) binding the stack of sheets on the saddle to form a 
10 booklet. 

Brief Description of the Drawing Figures 

[0011] The invention will now be described in greater detail with reference to 
the preferred embodiments illustrated in the accompanying drawings, in which like 
elements bear like reference numerals, and wherein: 
15 [0012] FIGS. lA-lD are sequential side views of a sheet folding and 
accumulation system. 

[0013] FIG. 2 is a perspective view of a portion of the system of FIGS. lA-lD 
illustrating an inverting mechanism and saddle. 

[0014] FIG. 3A-3B are sequential side views of an alternative sheet folding and 
20 accumulation system. 

[0015] FIG. 4 is a side view of a portion of a sheet folding and accimiulation 
system illustrating a belt driven inverting mechanism. 

[0016] FIG. 5 is a side view of a portion of a sheet folding and accumulation 
system illustrating a gear and rack driven inverting mechanism. 

25 Detailed Description of the Invention 

[0017] A sheet folding and acciunulation system is illustrated in FIGS. lA-lD 
which inverts folded sheets onto a saddle where the sheets are accumulated and 
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bound into a booklet. The inverting of the sheets onto the saddle for accumulation 
and binding eliminates the need for the saddle or other sheet collection member to 
translate or pivot for location of the sheets onto the saddle. 

[0018] A sheet foldmg and accumulation system 100 of FIGS. 1 A-ID includes a 
5 folding mechanism 1 10 configured to form a fold in a sheet S, a saddle 120 for 
collecting folded sheets into a booklet for binding, and an inverting mechanism 
130 for inverting the folded sheet and placing the folded sheet onto the saddle with 
the peak of the fold P in the sheet pointing upward. The system 100 can also 
include a main paper drive 140, a movable paper guide 150, and a secondary 
10 paper drive 160 for locating the sheet S on the saddle 120. 

[0019] The folding mechanism 110 includes a vertically movable portion 112, 
such as a blade member, and a vertically fixed portion 114, such as a roller. As 
the blade member 112 presses the sheet into contact with the roller 114, a precise 
fold is formed in the sheet. The roller 114 may include one or more rollers which 
15 are movable along a length of the blade member 1 12 to form a fold along the 

entire width of the sheet. Although a movable blade member 1 12 is illustrated, 
the blade may also be fixed while the roller 114 or other folding mechanism is 
translated vertically to form the fold. 

[0020] One example of a folding mechanism 1 10, is illustrated in the Trovinger 
20 PCT (WO 00/18583) which is incorporated herein by reference in its entirety. 
The folding mechanism of the Trovinger PCT employs two drive motor 
assemblies. A first vertical drive motor assembly operates to immobilize a sheet 
by pressing it against a fold blade with a folder assembly. This first vertical drive 
motor assembly moves a set of fold rollers into contact with both the sheet and a 
25 longitudinal fold blade. The axes of rotation for the fold rollers are perpendicular 
to the fold blade used to fold each sheet. A second horizontal drive motor then 
operates to deform the sheet against the fold blade by reciprocating the set of fold 
rollers, which have been placed into contact with the sheet, back and forth along 
the fold blade to crease the sheet. The number and spacing of these fold rollers 
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are such that during horizontal movement of the fold rollers, at least one fold 
roller passes over every point along the portion of a sheet where a fold is to be 
formed. 

[0021] In the Trovinger PCT two separate motors to establish linear motion of 
5 fold rollers in two axes to create a fold. The time to create a fold includes the 
cumulative time of moving a folder assembly vertically and moving the fold 
rollers horizontally to crease the sheet. 

[0022] Other folding mechanisms 110 may also be used including many types of 
knife folding mechanisms, buckle folding mechanisms, and combinations. 

10 Another example of a folding mechanism is described in U.S. Patent No. 

4,053,150 (Lane), hereby incorporated by reference in its entirety, which includes 
a blade for forcing once-folded paper (e.g. , a folded stack of newsprint) between a 
pair of rollers, thus creating a quarter-fold in the paper. Air flow jets and plates 
are used in the Lane patent to prevent bending of the paper edges and corners. 

15 [0023] For the desktop booklet making systems described herein, folding 
mechanisms which operate on a single sheet or a small number of sheets and 
require a minimum space are particularly useful. 

[0024] The inverting mechanism 130 places the folded sheets S onto the saddle 
120 without requiring the saddle to move during sheet collection. One inverting 

20 mechanism 130, as shown in FIGS. lA-ID, includes a sweeper plate 132 

mounted on two sweeper arms 134 on opposite sides of the saddle 120. The 
sweeper plate 132 lifts the trailing end of the folded sheet S and sweeps the 
trailing end over the saddle 120 by rotation of the sweeper arms 134. 
[0025] FIG, 2 is a perspective view of a system 200 showing the sweeper plate 

25 232 and sweeper arms 234 in more detail. In one embodiment, the sweeper plate 
232 may be mounted on a single sweeper arm. In another embodiment the 
sweeper plate 232 can be replaced with one or more rods. The sweeper plate(s) or 
rod(s) can include a non slip surface for grasping of the sheet as it is swept over 
the saddle 220. 
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[0026] The inverting mechanism 130 of FIGS. lA-lD is designed to invert the 
folded sheet without significantly flattening the peak of the fold. Other alternative 
embodiments of the inverting mechanism 130 are illustrated in FIGS. 4 and 5 and 
will be discussed further below. 

5 [0027] The sheet S is positioned with the leading edge of the sheet adjacent a 
trailing edge of the saddle 120 by a combination of the main paper drive 140, the 
movable paper guide 150, and the secondary paper drive 160. The paper guide 
150 includes a curved guide surface 152 and a pivot 154 for moving the paper 
guide into position and moving the paper guide out of the path of the inverting 

10 mechanism 130. The secondary paper drive 160 advances the leading edge of the 
sheet S into position against the saddle 120 and holds the leading edge against the 
saddle during operation of the inverting mechanism 130. 

[0028] In operation, the sheet S is advanced into the folding mechanism 1 10 by 
the main paper drive 140, as shown in FIG. lA. The folding mechanism 1 10 is 

15 then operated to form a fold in the sheet, as shown in FIG. IB, with a peak P of 
the fold in the sheet pointing downward. The guide member 150 directs the 
leading edge of the sheet S to the secondary paper drive 160, as shown in FIGS. 
lA-lC. When the sheet S has been advanced to the position shown in FIG. IC 
the sweeper arms 134 are rotated to move the trailing edge of the sheet S over the 

20 leading edge of the sheet, thus inverting the sheet on the saddle 120. 

[0029] FIG. ID illustrates the sheet S aligned on the saddle 120 with the peak P 
of the fold pointing upward and aligned on a peak of the saddle. The process of 
FIGS. lA-lD is repeated with multiple sheets to form a stack of folded sheets on 
the saddle 120. The stack of folded sheets is then bound by a binding mechanism, 

25 such as a stapling assembly including a stapler 170 in combination with two or 

more anvil members on the saddle. The stapler 170 can move with respect to the 
saddle 120 for stapling the folded sheets collected on the saddle. The saddle 220 
may also include lift pins for lifting the stapled booklets off of the saddle as 
described in the Trovinger PCT. 
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[0030] FIG. 2 illustrates one example of a saddle 220 having anvil members 272 
configured for receiving and bending the ends of the staples. The anvil members 
272 may be adjustable or may be provided in a plurality of spaced positions to 
accommodate sheets of different sizes, i.e. two staple or three staple booklets. 

5 The saddle 220 also includes guide members 222 at either end for aligning the 
stacked sheets. The guide members 222 can be fixed or adjustable. 
[0031] FIG. 2 also illustrates one example of a pair movable paper guides 260 
mounted on a rotatable shaft 262. The paper guides 250 can alternatively include 
a single elongated paper guide or more that two paper guides. 

10 [0032] FIGS. 3A-3D illustrate a sequence of sheet folding and accumulation 
steps for an alternative system where a folding mechanism and direction of the 
initial fold is inverted compared to the system of FIGS. lA-lD. In the system 300 
of FIGS. 3A-3D the sharp fold line formed by the folding mechanism will allow 
the sheet to fold back on itself along the weak point of the fold causing the fold to 

15 break back on itself as the sheet is placed on the saddle. 

[0033] As shown in FIG. 3A, the system 300 includes a folding mechanism 310 
configured to form a fold in a sheet S, a saddle 320 for collecting folded sheets 
into a booklet for binding, and an inverting mechanism 330 for inverting the 
folded sheet and placing the folded sheet onto the saddle with the peak of the fold 

20 P in the sheet pointing upward. As shown, the system 300 also includes a main 
paper drive 340, a movable paper guide 350, a secondary paper drive 360 for 
locating the sheet S on the saddle 320, and an additional drive 370 providing 
assistance in forming the final fold. 

[0034] The folding mechanism 310 includes a vertically movable portion 312, 
25 such as a blade member, and a vertically fixed portion 314, such as a roller. As 
the blade member 312 presses the sheet into contact with the roller 314 and the 
roller moves along the blade, a precise fold is formed in the sheet S in the maimer 
described above with respect to FIGS. lA-lD. The initial fold formed in the sheet 
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has a peak pointing upward. The initial fold is folded backwards to form the 
final fold having a peak pointing upward Pj. 

[0035] In operation of the embodiment of FIGS. 3A-3D, the sheet S is advanced 
into the folding mechanism 310 with the main paper drive 340, as shown in FIG. 
5 3A. The folding mechanism 310 is then operated to form a fold in the sheet, as 
shown in FIG. 3B, with a peak P, of the fold in the sheet pointing upward. The 
guide member 350 directs the leading edge of the sheet to the secondary paper 
drive 360, as shown in FIGS. 3A-3C. 

[0036] When the sheet S has been advanced to the position shown in FIG. 3C 

10 the sweeper arms 334 are rotated to move the trailing edge of the sheet S over the 
leading edge of the sheet, thus inverting the sheet on the saddle 320. The edge of 
the sheet which has been moved over the saddle 320 by the inverting mechanism 
330 is grasped by the additional drive 370 and the drives 360, 370 move the sheet 
down onto the saddle causing the fold to break back on itself to form a peak P2 

15 pointing upward. 

[0037] The process of FIGS. 3A-3D is repeated with multiple sheets S to form a 
stack of folded sheets on the saddle 320. The stack of folded sheets is then bound 
by a binding mechanism, such as a stapling assembly as described above. 
[0038] FIG. 4 illustrates a system 400 with an alternative embodiment of an 

20 inverting mechanism 430 including a pair of sweeper bars 432 which are 
translatable by a belt 434 mounted on pulleys 436. The four pulleys 436 
illustrated in FIG. 4 are arranged to move the belt 432 and sweeper bars 430 in a 
path which receives a trailing edge of the sheet S and translates the trailing edge 
over the leading edge and the saddle 420. The pair of sweeper bars 432 allows 

25 the second sweeper bar to move a second sheet while the first sweeper bar is 
returning to an initial position. The pulleys 436 are arranged in a substantially 
rectangular arrangement which avoids interference with the movable guide 
member 450. 



[0039] FIG. 5 illustrates a system 500 having an inverting mechanism including 
a sweeper bar 530 mounted on a gear 540 which is translatable along a track 550 
by motion of the gear along a rack 560 which is substantially parallel to the track. 
The sweeper bar 530 may be a plate, rod, or other shaped member which lifts and 
moves the trailing edge of the sheet over the saddle 520. 

[0040] While the invention has been described in detail with reference to the 
preferred embodiments thereof, it will be apparent to one skilled in the art that 
various changes and modifications can be made and equivalents employed, without 
departing from the present invention. 



